Nitric oxide (NO) is a key signaling molecule that regulates diverse biological processes 24 in both animals and plants. In animals, NO regulates vascular wall tone, 25 neurotransmission and immune response while in plants, NO is essential for 26 development and responses to biotic and abiotic stresses [1-3]. Interestingly, NO is 27 involved in the sexual reproduction of both animals and plants mediating physiological 28 events related to the male gamete [2, 4]. In animals, NO stimulates sperm motility [4] 29 and binding to the plasma membrane of oocytes [5] while in plants, NO mediates pollen-30 stigma interactions and pollen tube guidance [6, 7]. NO generation in pollen tubes (PTs) 31 has been demonstrated [8] and intracellular responses to NO include cytosolic Ca 2+ 32 elevation, actin organization, vesicle trafficking and cell wall deposition [7, 9]. However, 33 the NO-responsive proteins that mediate these responses are still elusive. Here we 34 show that PTs of Arabidopsis lacking the pollen-specific Diacylglycerol Kinase 4 (DGK4) 35 grow slower and become insensitive to NO-dependent growth inhibition and re-36 orientation responses. Recombinant DGK4 protein yields NO-responsive spectral and 37 catalytic changes in vitro which are compatible with a role in NO perception and 38 signaling in PTs. NO is a fast, diffusible gas and, based on our results, we hypothesize 39 it could serve in long range signaling and/or rapid cell-cell communication functions 40 mediated by DGK4 downstream signaling during the progamic phase of angiosperm 41 reproduction.
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donor, DEA NONOate ( Figure 1B ). This result shows that PTs of dgk4-1 are less 66 responsive to NO thus suggesting a functional link between NO and DGK4. These 67 phenotypes were confirmed in a second independent homozygous dgk4 mutant plant 68 (dgk4-2; SALK_145081, T-DNA insertion 268 bp upstream of the DGK4 gene) (Figure 69 S1). PTs of dgk4-2 display a similar NO insensitivity in terms of growth rate when 70 compared to WT ( Figure S2 ). We further examined the effect of NO on directional 71 growth of PTs using dgk4-1. When challenged with a NO point source (a SNP-loaded 72 pipette tip), we observed that both WT and dgk4-1 PTs showed a negative chemotropic 73 response, bending away from the NO source much like the observations previously 74 shown in lily [8] . However, PTs bending angles in WT (31.9 ± 2.4º; n = 4) are twice as 75 sharp than those of dgk4-1 (14.9 ± 2.5º; n = 4) ( Figure 1D ) revealing a desensitization in 76 the perception of NO in the dgk4-1 mutant. Given that the NO critical concentration for 77 this negative chemotropic reaction response was previously estimated to be in the 78 range of 5-10 nM [8] this result is consistent with a signaling role for DGK4 in NO 79 sensing. 80 In accordance with the in vitro germination phenotype, in vivo germinated PTs of dgk4-1 81 are likewise growing consistently slower down the pistil than those of WT across all time 82 points examined ( Figures 1E and 1F) . Importantly, the slowed PT growth of the mutant 83 resulted in a significant reproductive fitness bias in favor of WT as observed in the 84 crossing of emasculated WT flower with pollen from WT and dgk4-1 that produced 85 63.5% of WT seeds when screened on MS agar containing 100 µg/mL kanamycin, the 86 selective marker or the dgk4-1 line used ( Figure 1G) bacteria and animals and is present in plant orthologs in species such as poplar, castor 97 bean and soybean but absent in other Arabidopsis DGKs (Figure 2A ). The presence of 98 the H-NOX-like signature suggests that DGK4 may accommodate a heme b and 99 correspondingly, the diagnostic spectral properties should have a distinct response to 100 NO. Recombinant DGK4 yields a Soret peak at 410 nm ( Figure 2B ), which is distinctly 101 different from unbound hemin (protohemine IX: Soret band at 435 nm with a shoulder at 102 400 nm) and falls within the typical peak range observed for proteins with a histidine- Figure 2D ). Since the Soret bands were still present 122 in the mutants albeit attenuated, we can expect a similar behavior in their reduction and 123 NO spectra which we did observe with the H350L mutant protein ( Figure S3 ). Overall, 124 the H250L dgk4 mutant recorded a much larger decrease in reduced Soret bands than 125 that observed with DGK4 WT at low NO donor concentration (0.25 mM DEA NONOate) 126 while also requiring a slightly longer time (⁓ 5 min more than DGK4 WT) to recover its 127 oxidized Soret peak (410 nm) when exposed to air ( Figure S3 ). Together with a marked 128 reduced in Soret band intensity of DGK4 with point mutations at the H-NOX-like center, 129 these results can be interpreted as the weakening of the heme environment. . We thus next focused on the catalytic activity of DGK4. NO and cGMP 135 significantly inhibit DGK4 kinase activity but NO did not affect its GC activity ( Figure 2E ).
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Mutations in the H-NOX center did not affect the kinase activity of DGK4 as both H350L 137 and Y379L dgk4 mutants were functional and inhibited by NO to comparable degree as (Table S2) (Na2S2O4) to a final concentration of 10 mM and absorbance was immediately 233 measured and examined for spectral changes. The protein sample was then exposed to 234 air and any recovery of the oxidized peak was monitored by the same spectra 235 measurements at 5 min intervals. The heme-NO complex was generated by 236 immediately adding the NO donor DEA NONOate to a pre-reduced recombinant DGK4 237 before making the same spectral measurements. 
